We propose a continuum theory describing the evolution of magnetization and temperature in a rigid magnetic body. The theory is based on a microforce balance, an energy balance, and an entropy imbalance. We advance the choice of a class of constitutive equations, consistent with the entropy imbalance, that appear appropriate to describe the phase transition taking place in a ferromagnet at the Curie point. By combining these constitutive equations with the balance laws, we formulate an initial-boundary value problem for the magnetization and temperature fields, and we prove existence of weak solutions.
Introduction
Micromagnetics, a variational theory whose name was coined by Brown [8] , describes the equilibria of saturated ferromagnets, as determined by the competition among the magnetostatic, exchange and anisotropy energies (see, in particular, [12, 13, 23, 24, 32] and, for a survey, [25] ). Among other things, the theory predicts the formation of domain structures and the occurrence of hysteretic phenomena. The object of dynamic micromagnetics, a continuum theory developed in [5, 14] , is to study the space-time evolution of the magnetization vector when the applied field changes, with or without concurrent mechanical deformations. In particular, the theory provides a framework within which phenomenological equations like Landau and Lifshitz's [26] and Gilbert's [19] are given a precise position.
In micromagnetics, dynamic or not, mechanical and thermal effects are generally left out of the picture: the former explicitly, by restricting attention to ferromagnetic bodies at mechanical rest [5] ; the latter implicitly, by imposing the saturation constraint, that is to say, by imposing that the magnetization vector field is unimodular everywhere and at all times, as is the case when the temperature is well below the Curie point. Given that the Curie temperature of most ferromagnetic materials is of the order of 10 3 K (see for example, [4, Appendix D]), dynamic micromagnetics is bound to describe evolution processes taking place at room temperature. The Landau-Lifshitz and Gilbert equations are widely accepted mathematical models for such processes; a number of analytical investigations has been devoted to existence [1, 5, 20, 36] , regularity [9, 10, 20, 29] , and qualitative behavior [21, 22, 37] of solutions to that equation.
There are, however, evolutionary processes of technological importance, such as Heat Assisted Magnetic Recording (HAMR) processes, where the temperature field of the magnetic medium is temporarily raised in a small portion of the body so as to reduce its local magnetic coercivity [28, 35] : a description of such processes calls for a nonisothermal extension of dynamic micromagnetics. Such an extension has been pursued by Garanin et al. [18] , who used techniques from statistical mechanics, and by Suhl [35, , who gave an argument to motivate a system of evolution equations for magnetization and temperature, with magnetization as the heat source driving temperature changes. To our knowledge, however, except for the attempt in [34] , no continuum theory effectively coupling an evolution equation for the magnetization with the heat equation has been proposed so far. The theory we put forward in this paper under the name of dynamic thermomicromagnetics is meant to fill this gap. Its derivation is outlined in Section 2, where we arrive at a strong formulation of a large class of initial/boundary value problems; in Section 3, a weak notion of solution is introduced and a global-in-time existence theorem is stated, whose proof is given in Section 3.2.
The model
Two distinctive features of our model are that (1) the saturation constraint is dropped, and that (2) the free energy includes a Ginzburg-Landau part inducing saturation at the phase transition temperature (a G-L free energy is incorporated also in the model by Suhl [35] ). Having dropped saturation, we are led to require that, in addition to the parallel component [5, 14] , (3) the component of the magnetic-microforce balance perpendicular to the magnetization vector vanish. Next, (4) we postulate an energy balance that takes into account both thermal conduction and the working of magnetic microforces. Finally, (5) we supplement the balance
